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SECTION  1.0 


GENERAL  SUMMARY 

1.1  Under  the  cognizance  of  the  Air  Force  Geophysics  Laboratory, 
an  ARIES,  designated  Flight  No.  A24.6S1-2,  was  launched  at  0400 
hours  (MST)  on  31  July  1981  from  White  Sands  Missile  Range. 

1.2  The  vehicle  had  a  gross  liftoff  weight  of  13,889  pounds.  Sep¬ 
arated  payload  weight  was  1,256  pounds  and  recovery  weight  was 
1,212  pounds.  The  M56A-1  booster  produced  a  burnout  velocity  of 
8,027  fps,  (2,539  mps)  lifting  the  payload  to  an  apogee  of  244.4 
miles.  Zenith  altitute  was  reached  at  337  seconds  into  the 
flight  and  the  payload  was  at  an  altitude  greater  than  300K 

feet  for  approximately  525  seconds. 

1.3  The  boost  phase  of  the.  flight  was  successful  with  the  guid¬ 
ance  system  maintaining  the  vehicle  in  a  stable  attitude. 

1.4  The  payload/booster  delta  velocity  system  functioned  proper¬ 
ly,  producing  a  stable  separation  with  a  final  separation  velo¬ 
city  of  13-14  fps.  The  nose  tip  ejection  system  also  functioned 
properly  at  the  scheduled  time  during  the  rentry  phase  resulting 
in  a  successful  recovery. 

1.5  An  overall  vehicle  description  is  presented  in  Figure  1-1 
and  a  Flight  Summary  is  presented  on  Table  1-1. 
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ZIP 


Fig.  1-1 
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/TABLE  1-1 

ZIP  II  FLIGHT  SUMMARY 


Vehicle  Identification 
AIUES  Model  Number 
M56A-1  Booster  Serial  Number 
Launch  Date/Time 
Launch  Site 

Vehicle  Launch  Azimuth  (Pitch 
Vehicle  Launch  Angle 
Vehicle  Gross  Liftoff  Weight 
Separated  Payload  Weight 
Recoverable  Payload  Weight 
Vehicle  Overall  Length 
Peak  Longitudinal  Acceleration 
Burnout  Time 
Burnout  Velocity 
Burnout  Altitude 
Predicted  Apogee  Altitude 


A24.6S1-1 

11740 

22770 

31  Jul  81/0400  MST 
WSMR/LC  3  6 
Plane)  004°  True 

Vertical 
13.889.2  Pounds 

1.256.5  Pounds 

1.212.5  Pounds 
437.82  Inches 
8.1  g  '  s 

60.3  Seconds 
8027  FPS 

171,441  Feet  (32.4 

1,257,373  Feet 
(238.2  Miles) 


Actual  Apogee  Altitude 

Predicted  Apogee  Time 
Actual  Apogee  Time 
Predicted  Booster  Impact  Time 
Actual  Booster  Impact  Time 


1,290,560  Feet 
(244.4  Miles) 

329.8  Seconds 

337.3  Seconds 

603  Seconds 

767  Seconds 
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Miles) 


TABLE  1-1 


SECTION  2.0 


BOOSTER  DATA 

1  Booster  Serial  Number  22770  was  flown  on  the  ZIP'  II 
Campaign.  It  performed  within  the  predicted  specifications 
established  by  the  Aging  and  Survelliance  Prpgram  which  is 
administired  by  Hill  Air  Force  Base.  A  performance  summary 
is  presented  on  Table  2-1  and  Figure  2-1. 

2  The  booster  was  prepared  for  flight  at  Hill  Air  Force 
Base  facilities  in  the  beginning  months  of  1981  and  was 
accepted  for  flight  on  3  March  1981.  The  Booster  was  then 
shipped  to  White  Sands  Missile  Range  were  it  remained  in  stor¬ 
age  until  July  1981.  A  copy  of  the  Certificate  of  Acceptance 
is  presented  in  Figure  2-2. 

3  This  Booster  remained  in  a  temperature  controlled  environ¬ 
ment  until  its  launch  on  31  July  1981.  A  copy  of  the  temperature 
records  for  the  last  seven  days  it  was  on  the  launch  pad  is  pre¬ 
sented  on  Figure  2-3. 


TABLE  2-1 


BOOSTER  DATA  SUMMARY 


Serial  Number 
Type 

Date  Propellant  Casted 
Date  of  Booster  Buy-off 
Nozzle  Ratio 
Ignition  Delay 
Max  P 

c 

Decay  Pc 
Burnout 


22770 
M56A-1 
11  June  64 
3  Mar  81 
11.8:1 
. 1  Seconds 

+14/+21  Sec  lS17  PS1A 

59.5  Seconds 

61.5  Seconds 


Table  2-1 
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CERTTFICATE  OF  ACCEPTANCE 

The  undersigned  certify  that  Second  Stage  Motor  S/N  22  ~?70  * 
meets  the  criteria  established  in  the  Air  Force  Geophysics 
Laboratory  Booster  Refurbishment  and  Configuration  Baseline  Require¬ 
ments  Document  and  is  accepted  for  use  as  an  ARIES  booster. 

This  certification  is  valid  for  12  months  after  receipt  of 
booster  at  its  launch  location. 


AFGL/LCR 


Space  Vector . Corporation 


Date 


. 3 


2  /n/iz.  &t. 


Date 


-'5b 


3  Mar  r/ 


—4/  CL  A 


The  following  waivers  were  granted: 


/•  A/Zo  £3 ATT.  fSAZ  CP/JLU  6a  *7 OS  //U2*  0dJ  S^Zi/f^G 

—  <?). _ _ _ 

"y"uD/AfT  A/crr  jr-E/ry  £■!/£ ygy  /*f°  Czef  PA&e  3) 


30  SeptcmW§r'”l9  80  (Rev.  B)  Fig.  2-2 
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SECTION  3.0 


HEAT  SINK 

3.1  A  heat  sink  SVC  P/N  11008,  was  flown  on  the  forward  dome 
of  the  motor.  The  heat  sink  was  assembled  to  the  motor  dome 
on  31  June  1981.  Assembly  Data  is  shown  in  Figure  3-1. 

Twenty-one  thermistors  were  installed  as  indicated  in 
Figure  3-2  and  Table  3-1.  Average  valves  of  the  heat  sink  and 
TC-5  thickness  are  also  shown  in  Table  3-1.  The  specific  in¬ 
stallation  data  for  the  inner,  middle,  and  outer  ring  is  pre¬ 
sented  in  Figure  3-1. 

3.2  The  heat  sink  instrumentation  system  was  designed  and  pro¬ 
vided  by  Wentworth  Institute.  The  system  consisted  of  a  com¬ 
muter,  resistor  bridge,  +5VDC  power  supply  and  twenty-one  (21) 
GA51J11  Fenwal  thermistors.  Space  Vector  provided  the  mounting 
hardware  in  the  interstage. 

3.3  Digital  reduction  of  the  telemetered  voltages  is  presented 
in  Table  3-2  with  a  conversion  from  degrees  C  to  degrees  F3 
and  a  Delta  Rise  analysis.  The  +60  second  flight  point  has 
historically  been  used  as  a  convenient  maximum  temperature 
point. 

3.4  The  dome  temperature  rise  for  ZIP  II  is  compared  to  previous 
flight  data  in  Table  3-3. 


1.0  SCOPE 


This  document  describes  the  installation  procedure  to  be 
followed  to  mount  the  heat  sink,  part  no.  11008,  on  the 
M56A1  motor  dome. 

2.0  DOCUMENTS  AND  MATERIALS  REQUIRED 

2.1  Drawing  number:  11008  Heat  Sink 

2.2  Materials: 

1.  MEK  or  equivalent 

2.  TC-5  Eccotherm 

3.  S-11  Eccosil  primer 

4.  Vendor:  Emerson  &  Cummings,  Inc. 

Canton,  MA 

2.3  Tools: 

1.  Wide  blade  putty  knife 

2.  60942  Template,  radius  marking 

3.  60943  Spatula,  dome  contour 

contour  no.  1 
contour  no.  2 
contour  no.  3 

4.  60944  Spatula,  tile  contour 

contour  no.  1 
contour  no.  2 
contour  no.  3 

5.  Vernier  calipers  or  depth  mic. 

3.0  PREPARATION 

3.1  Clean  surface  of  heat  sink  and  dome  with  MEK  or 
equivalent. 


3.2  Mark  dome  with  ink  pen  indicating  0°  radial.  OD  of 

heat  sink  to  be  marked  on  dome  to  establish  thermistor 
location  (use  radius  marking  template,  P/N  60942  to 
approximate  5.00,  9.25  and  12.12  radii). 

4.0  THERMISTOR  INSTALLATION 

4.1  Install  thermistors  along  outer  edge  of  circumferential  • 
lines  using  high  temperature  adhesives: 

1.  Eccobond  286  for  adherence  to  dome. 


Dwg.  No.  90113 
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5.0  HEAT  SINK  INSTALLATION 

5.1  Prime  heat  sink  and  dome  by  wiping  with  S-ll  primer. 

5.2  Load  pressure  cartridge  with  TC-5.  Apply  TC-5  to  area 
around  igniter  boss  to  5.00  inch  radius  line.  Use 
spatula  to  smooth  TC-5  onto  dome  using  high  pressure 
until  entire  area  is  covered.  Use  60943,  no.  1  spatula 
to  smooth  TC-5  to  required  thickness.  Spatula  to  be 
held  vertical  to  surface  and  at  right  angle  to  ignitor 
boss.  A  smooth  continuous  surface  approximately  0.025 
inch  thick  is  required. 

5.3  Apply  TC-5  to  "inner"  tiles  and  smooth  with  spatula. 
Contour  TC-5  using  tool  60944,  no.  1.  Surface  to  be 
smooth  and  continuous. 

5.4  Apply  each  tile  with  a  circumferential  motion  and  with 
significant  pressure.  Each  tile  is  marked  with  sequence 
numbers:  1-2,  2-3,  3-4,  4-5,  5-6  and  6-1.  Orientation 
with  reference  to  «o°"  to  be  noted  on  Figure  1.  Depth 
of  TC-5  to  be  determined  with  depth  gauge  through  center 
hole.  Tile  thickness  and  depth  to  be  subtracted  to 
determine  thickness  of  TC-5.  Record  value  on  Figure  1 
(tile  thickness  is  marked  on  each  tile).  TC-5  thickness 
to  be  .015-. 032  thick. 

5.5  Repeat  steps  5.1,  5.2  and  5.3  for  middle  and  outer  tiles 
using  appropriate  tools  60943,  no.  2  and  3  spatulas  and 
60944,  no.  2  and  3  spatulas.  Record  TC-5  thickness 
values  on  Figures  2  and  3. 

5.6  Install  links  to  maintain  tiles  in  ring. 

5.7  Install  0.125  inch  thick  lead  segments  in  5.00  and  9.25 
inch  radius  cracks. 
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TABLE  3-1 


ZIP  II  Heat  Sink  Installation. 


Inner  Ring 


Average 

Aluminum 

Thickness 

.505  in. 


Middle  Ring  .561  in. 
Outter  Ring  .480  in. 

Sensor  Location 


Average 

Interface 

Thickness 

.022  in. 

.  025  in. . 

.025  in. 


Radius  (in.) 


Angle 

(degrees) 


9.25 

0#5 

X#15 


0#13 

X#19 


0#7 

X#16 


0#  3 
X#21 


0#9 
0#  17 


0#10 


0#11 

X#18 


0#12 


Ifl 


r  zipi 

I  ) 

«■!]  i  [  jjgla 

+60  Seconds 

Deg. 

1 

Deg .  . 

C 

F 

115 

239.0 

104 

219.2 

122 

96 

204.8 

6  3 

145.4 

82 

179.6 

71 

159.8 

70 

158.0 

167.0 


147.2 


132.8 


3 . 


107.6 


87.8 


86.0 


158.0 


86.0 


85 

185.0 

113.0 

100 

212.0 

140.0 

100 

212.0 

140.0 

52 

125.6 

53.6 

37 

98.6 

26.6 

58 

136.4 

64.4 

40 

104.0 

32.0 

41 

105.8 

33.8 

42 

107.6 

35.6 

NOTE:  A  Ambient  Temperature  of  72° 

F  was  used  to  establish  a  Delta  Rise. 

1  Thru  14  =  High  Temp. 

15  Thru  21  *  Low  Temp. 
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TABLE  3-3 


Comparison  of 


Motor  Dome  Temperature  Rises  (  F) 


$  T+60  Second 
@  9.25  Inch  Radius 


Rocket 


Angular  Location,  DEG 


0 

90 

180 

270 

Test  Rocket 

253 

1 

52 

151 

83 

IMS  #3 

97 

- 

144 

- 

IMS  #4 

122 

- 

86 

- 

TEM  I 

70 

34 

56 

68 

TEM  II 

51 

22 

28 

39 

ZIP  I 

63 

22 

18 

32 

IRBS 

99 

61 

66 

72 

ZIP  II 

73 

88 

86 

77 

SECTION  4.0 

FLIGHT  PERFORMANCE  ANALYSIS 

4.1  The  boost  phase  of  the  flight  was  successful  with  all 

systems  functioning  properly.  Available  radar  data  and  tele¬ 
metry  records  were  used  to  develop  this  analysis.  A  summary 
is  presented  in  Table  4-1.  A  pre-launch  trajectory  is  included 
in  Table  4-2. 

Table  4-1 

Booster  Performance 


Predicted 

Actual 

Weight,  lbs 

13,893 

13,889 

Velocity  @  B.O.,  ft/sec. 

8,027 

8,330 

Peak  altitude,  miles 

238 

244 

Impact,  miles 

North 

51 

52 

West 

5.2 

8 

4.2  Telemetry  records  of  the  Boost  Control  System  are  pre¬ 
sented  in  Figure  4-1  and  4-2.  The  pitch  program  followed  its 
pre-programed  maneuver  throughout  the  boost  phase  of  the  flight. 
Yaw  and  roll  position  data  indicate  no  adverse  or  unusual  man¬ 
euvers  were  experienced  during  powered  flight.  Small  deviations 
in  the  flight  path  are  noted  during  the  coast  period  between 
+60  and  +80  seconds.  A  velocity/time  plot  of  the  powered  flight 
is  presented  in  Figure  4-3.  This  plot  was  developed  from 
radar  data. 

4.3  Separation  of  the  Booster  from  the  Payload  occured  at  T+80 
seconds  as  programmed.  Figure  4-4  and  4-5  depicts  the  sep¬ 
aration  distance  between  the  two  bodies.  Analysis  of  the 
accelerometer  data  indicates  that  a  separation  velocity 

of  13/14  feet  per  second  was  obtained.  Figure  4-6  is  a  re¬ 
production  of  the  separation  pulse.  Analysis  of  the  Radar  data 
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indicates  a  total  separation  distance  of  2100  feet  was  obtained 
in  the  first  100  seconds  after  separation.  This  indicates  a 
separation  velocity  of  approximately  21  FPS  was  imparted  by  the 
bellows  separation  system.  Figures  4-4  and  4-5  show  this  dis¬ 
tance.  A  predicted  separation  velocity  of  32.8  FPS  was  made 


prior  to  the  flight. 


TABLE  4-2 
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Section  4.3  continued 

Telemetry  data  indicated  that  one  of  the  separation 
monitors  went  blank  at  about  +30  seconds.  A  cause  for  this 
abnormality  could  not  be  determined. 

4.4  At  the  same  time  that  separation  occurred  (T+80  sec.), 
the  Booster  Roll  Jet  System  was  actuated.  Analysis  of  the 
available  data  indicates  that  two (2)  seconds  after  separation, 
the  spent  Booster  was  rolling  at  a  rate  of  10.07°/sec. 

4.5  A  peak  acceleration  of  8.1  g  was  experienced  during  the 
flight.  Figure  4-7  is  a  copy  of  the  telemetry  data  for 
the  vehicle  Logitudinal  Accelerometer. 

4.6  The  recovery  system,  through  its  pre-set  baro-sensing 
system,  was  activated  and  functioned  as  designed.  Minimum 
damage  was  inflicted  on  the  recovered  module. 
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SECTION  5.0 


IMPACT  PREDICTION 

5.1  The  ZIP  II  Booster  impacted  approximately  seven  miles  West 

i  / 

of  the  predicted  impact  point  in  Figure  5-1.  Although  this  in  itself 
is  not  serious.  Space  Vector  has  investigated  the  possible  cause  of 
this  miss. 

5.2  Analysis  of  the  impact  prediction  techniques  reveals  that 
the  prediction  shown  in  Table  4-1  of  5.2  miles  West  was  obtained 
by  taking  the  non-rotating  earth  trajectory  data  at  burnout  and 
predicting  the  shift  in  impact  point.  If  a  rotating  earth 
trajectory  is  performed,  the  predicted  impact  point  is  8.0  miles 
West.  If  the  effect  of  flying  a  MIDAS  platform  is  then  added, 
the  predicted  impact  is  11.1  miles  West. 

5.3  The  estimated  CEP  is  4  miles  assuming  normal  MIDAS  drift 
and  alignment  errors.  This  estimated  CEP  means  that  50%  of  the 
flights  would  impact  within  a  circle  4  miles  in  radius  centered 
11  miles  West  of  the  launch  site.  The  RSS  (Root  Sum  Square) 
three  sigma  dispersion  is  estimated  at  13  miles. 

Further  analysis  of  previous  ARIES  flights  is  required 
before  a  recommendation  to  change  the  launch  heading  can  be 
made. 

5.4  The  corrected  impact  prediction  is  shown  in  Figure  5-2. 
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PREVIOUS  IMPACT  PREDICTION 


Fig.  .5-1. 


